Abstract: A bandpass filter using substrate integrated waveguide (SIW) technology is introduced in this paper. The bandpass filter is made up of six equilateral triangle resonant units. The filter of this structure has the advantages of high quality factor, low insertion loss, high power capacity and so on. A bandpass filter with a center frequency of 8.6GHz and bandwidth 800MHz is designed. The HFSS filter is optimized and simulated by using the simulation software, and satisfactory results are obtained.
In this paper, a bandpass filter designed by using an equilateral triangle substrate to integrate waveguide resonators is introduced. Finally, a base chip integrated waveguide band pass filter with a central frequency of 8.6GHz and a bandwidth of 800MHz is designed.
SIW applications and research status
In recent years, the application of SIW has been widely developed on the basis of the study of the transmission characteristics of the substrate integrated waveguide. The passive microwave devices formed by substrate integrated waveguide, such as directional coupler, power divider, filter and antenna, display the performance comparable with the traditional microwave devices constructed by rectangular metal waveguides.
directional coupler
As an important passive device, directional coupler is widely used in modern microwave millimeter wave communication system. In antenna array feed network, directional coupler is a main component. Waveguide narrow side slot coupled directional coupler is a relatively mature bridge structure. Pandharipande describes the equivalent circuit of narrow side waveguide slot coupler in detail. In the design of coplanar integrated circuits, the waveguide narrow edge coupling structure is usually used to realize the integration of directional couplers in a planar circuit. Narrow gap directional couplers designed by substrate integrated waveguide technology have been successfully applied to the design of millimeter wave systems. The results also prove that the directional coupler designed with substrate integrated waveguide is compact and reliable, and it has the advantages of low cost, easy integration with planar circuits, and easy to process. 2.2 power divider As an important microwave passive device, power divider is widely applied in modern microwave millimeter wave circuit system, especially in the design of array antenna. Along with the development of the substrate integrated waveguide technology, the device of this technology design and related research results have been widely used, the power divider has been studied and applied fully: Germain using substrate integrated waveguide technology design of H on the surface of the T junction and Y junction, and the 3 dB power divider. Based on this, Hao designed a X band sixteen power divider and applied it to the design of ALTSA antenna array. However, it also has its weakness. Because the substrate integrated waveguide width is wide, the size of the power distributor is not compact enough.
filter
The substrate integrated waveguide can be used to compose many kinds of filters. Compared with the filters made of microstrip lines, the substrate integrated waveguide has higher Q value, so the filter formed on this basis also has a more steep out of band rejection characteristic. A substrate integrated waveguide filter, with two metal through-holes and 4 metal through-holes between them, forms a filter structure similar to a rectangular metal waveguide with pin inserted into it. The band pass characteristics can be achieved by adjusting the diameter, spacing and offset distance of the middle metal through holes. Because substrate integrated waveguide is easy to integrate with planar circuits, it can make use of substrate integrated waveguide and microstrip line to form filters, and also achieve better filtering characteristics.
antenna
The substrate integrated waveguide slot array antenna is a new type of microwave and millimeter wave integrated element, which makes up for the inherent defects of traditional rectangular metal waveguide slot array antenna. The traditional rectangular waveguide slot antenna array has the advantages of directional pattern, low cross polarization level and narrow main lobe width, so it is widely used in microwave millimeter wave radar system and communication system. However, due to the shortage of metal waveguide materials, such as high cost, large volume, heavy weight and high processing cost, it is difficult to batch production, and after processing, a debugging process is needed to correct errors. As an alternative to the traditional rectangular waveguide slot array antenna, the substrate integrated waveguide slot array antenna overcomes all the above shortcomings, so it has important practical value and broad application prospects.
Characteristics of substrate integrated waveguide
(1) all the advantages of SIW collection microstrip line and waveguide are easy to integrate and have high efficiency. (2) SIW compared with the traditional rectangular waveguide structure is more compact, has the advantages of light weight, small volume, easy integration processing etc.. (3) SIW has the similar propagation characteristics with traditional rectangular waveguide, for example, it can achieve high antenna efficiency and high quality factor in millimeter wave band. (4) after designing and processing, SIW can adjust its performance according to the design requirements by adjusting the size of metal through-hole, and its debugging is more convenient than traditional rectangular waveguide. (5) most of the microwave active devices are surface encapsulation or chip form, so they need coplanar circuit structure, such as coplanar waveguide and microstrip line. SIW can make a good transition with the coplanar transmission line, which highlights the advantages of easy integration.
Design of substrate integrated waveguide bandpass filter
The resonator is the basic structural unit of the resonant filter, so the design of the substrate integrated waveguide resonator filter is the most basic research for the substrate integrated waveguide resonator. The rectangular waveguide resonator is a transmission line type resonator, and it is actually a short circuit lambda /2 transmission line resonator in the form of a waveguide. By the analogy of the substrate integrated waveguide and the rectangular waveguide, the substrate integrated waveguide resonator and the waveguide resonator also have similar characteristics. The substrate integrated waveguide technology is implemented in the form of metal holes across the upper and lower surfaces of metal dielectric plates, which makes the application of substrate integrated waveguide technology very flexible, and the shape of the cavity can be arbitrarily designed. The typical design forms are rectangular resonators, circular resonators and triangular resonators. We choose the triangular resonator, the equilateral triangle, as the basic structural unit of the filter. In studying the propagation characteristics of substrate integrated waveguide, we know that substrate integrated waveguide can only transmit TEm0 mode, so the resonant mode of SIW cavity can only be TEm0n. Although the substrate integrated waveguide cavity has different bottom shape, its resonant frequency can be determined by the formula of the resonant frequency of the traditional metal waveguide resonator, but it is necessary to make some corrections and equivalents for the parameters related to the length and width. For the equilateral triangle integrated waveguide resonant cavity, according to the field distribution of the equilateral triangle cavity, compared with the square cavity, the equivalent length is Leff, and the main mode resonant frequency is: According to the given center frequency of 8.6GHz, an equilateral triangular resonator is designed as shown in Figure 4-1 . In order to improve the suppression of out of band, we select six equilateral triangles to concatenate, and the port excitation adopts a coplanar waveguide excitation mode. Because a prominent advantage of the coplanar waveguide excitation mode is that the coplanar waveguide is directly connected to the input and output 50 microstrip line, so that there is no need for additional transition design for port matching, which simplifies the complexity. Generally speaking, in order to facilitate the design of coplanar waveguide intermediate metal width and 50 ohm microstrip line width are the same as in Figure 4 -2, coplanar waveguide excitation and main parameters. However, if this hypothesis meets the requirement of high quality factor, the necessary transition between the coplanar waveguide intermediate metal and the 50 Omega microstrip line is required. Besides, the parameters of the external quality factor can be adjusted by the way of excitation. The parameters of Lslot and gap are two, which are both convenient and flexible. Next, we design the entire filter. We choose six equilateral triangle cascades to form a hexagonal structure. The input and output are adjacent to the two cavities, which are cascaded with the other four cavities, so as to expand the bandwidth effect. The final formed substrate integrated waveguide band pass filter is shown in Figure 4 -3. The simulation software HFSS is used to simulate and optimize the structure. Finally, the simulation results are shown as shown in Figure 4 -4. It can be seen from the figure, in the 8.2GHz-9GHz frequency band, the insertion loss is the worst for 3.34dB, the standing wave difference of 11.68dB suppression band, 10GHz and 11GHz are greater than the inhibition of 40dB, 8GHz following more than 27dB, the inhibition of 7.5GHz following inhibition of 46.52dB and 6GHz is greater than that in the following 51.16dB, 8GHz at least the following inhibition of 17dB, inhibition of 40dB and 7.5GHz at least 6GHz following inhibition of 50dB.
Summary
A bandpass filter using substrate integrated waveguide (SIW) technology is introduced in this paper. The bandpass filter is composed of six equilateral triangle resonant units. Because is composed of substrate integrated waveguide components with high quality factor, so the application of substrate integrated waveguide technology, the performance of the traditional microstrip filter has been greatly improved, band rejection decreased very steep, there are advantages of comparable metal waveguide. At the same time, the microstrip structure is small in size and light in weight, so the substrate integrated waveguide technology has a good application prospect in the field of communication.
